Abstract: In our study, we focused on littoral Cladocera living and feeding in shallow shore parts of 46 mountain lakes in the Tatra Mountains (Slovakia and Poland). The studied lakes underwent a major acidification event in the 1980s and are now in the process of recovery. Lakes were divided into three categories based on their sensitivity to acidification: 5 extremely sensitive (ES), 11 acid sensitive (AS), and 30 non-sensitive (NS) lakes. In our study, we included historical data from the literature, and data from sediment core and littoral samples, which together represent the evolution of the littoral communities from a pre-industrial period up to the present. In total, 11 littoral species were found belonging to three cladoceran families. Most of the species were members of the family Chydoridae: Alona affinis, A. quadrangularis, A. rectangula, A. guttata, Acroperus harpae, Alonella excisa, A. nana, Chydorus sphaericus, and Eurycercus lamellatus. One species belonged to each family Daphniidae (Ceriodaphnia quadrangula) and Polyphemidae (Polyphemus pediculus). The most numerous littoral taxa were Alona affinis, Acroperus harpae, and Chydorus sphaericus. All species reacted to decreased pH levels during peak acidification in the 1980s by disappearing from most of the lakes of all categories; the only persisting species was Chydorus sphaericus. Most species returned to the lakes when pH started to increase in the 1990s, although their return was noticeably slower in AS lakes. Alona quadrangularis decreased its distribution range over the studied period; Polyphemus pediculus was mostly detected in the 1910s only. The number of species was highest in all lake categories when dwarf pine was present in the lake catchment. On the whole, the littoral community was richest in NS lakes.
Introduction
High altitude mountain lakes across the whole Europe have been the focus of study from many perspectives since the beginning of limnological research. They were first noticed for their unique characteristics such as relatively short ice-free period, oligotrophic character, glacial origin, very little impact of human activities, etc. Because of these features they were recognized as an excellent contrasting environment to lowland lakes and pools which were typically located in agricultural areas and studied more intensely. The areas of focus were located not only in major mountain ranges such as the Alps; the Tatra Mountains (Mts) -west part of the Carpathian Range, Slovakia and Poland) -have been visited by limnologists since the time of the first pioneers in 1804 (Wierzejski, 1882 (Wierzejski, , 1883 Minkiewicz, 1914 Minkiewicz, , 1917 Lityński, 1917) .
During the next period (up till approximately the 1950s), research of lakes in the Tatra range was scattered, usually involving a limited number of lakes. Various research groups irregularly studied biota or chemistry of lakes (for example Stangenberg, 1938; Hrabě, 1939; Kubíček & Vlčková, 1954; Vranovský, 1991) . In the 1950s, the decrease of pH in precipitation caused by increased burning of fossil fuels was first recognized to have an accentuated influence on the pH of mountain lakes (Stuchlík et al., 1985; Fott et al., 1994) . That triggered an increased interest in mountain lake research and it was discovered that the most affected lakes were the ones that lay on bedrocks with low buffering capacities such as granite (Fott et al., 1987; Vranovský et al., 1994) . The S110 V. Sacherová et al. central part of the Tatra Mountains (High Tatra Mts), which has predominantly granitic bedrock, became a center of interest. Research was intensified to almost yearly sampling, usually in late summer or fall, and the number of lakes was extended to include most of the lakes in the Slovak part of the High Tatra Mts, as well as streams (Stuchlík et al., 1985; Fott et al., 1987 Fott et al., , 1994 Wojtan & Galas, 1994; Kopáček & Stuchlík, 1994; Vyhnálek et al., 1994) .
The impact of changes in water chemistry on lake biota was enormous. While the onset of industrial revolution was in approximately 1850, the emissions and deposition of S and N compounds increased slowly up to the 1950s when they started to increase exponentially (Kopáček et al., 2001 (Kopáček et al., , 2004 . The peak was reached in the 1980s, and after political changes in East Europe in the 1990s the emissions started to decrease (Kopáček et al., 2001 (Kopáček et al., , 2004 . At present, lakes are undergoing recovery from acidification, although the response of biota has been delayed . Major changes in pelagic zooplankton assemblage were observed in the mid-1970s (Stuchlík et al., 1985; Fott et al., 1994) . In lakes with pH lower than 5 (strongly acidified lakes), only one species (Chydorus sphaericus) remained; for example, in Starolesnianske pleso lake it completely replaced Ceriodaphnia quadrandula, Alonella excisa, and Alona quarangularis . Lakes with pH between 5 and 6 (acidified lakes) lost their original zooplankton species, and lakes with pH over 6 (non-acidified lakes) had their pelagic zooplankton unchanged . The lakes in the middle category also had lowest chlorophyll-a concentrations and phytoplankton biomass, suggesting that species disappeared due to starvation rather than low pH values (Fott et al., , 1999 .
While the pelagic community received much attention, the littoral community was neglected in most studies. The littoral zone of freshwater bodies is typically defined by two major parameters: light and productivity. It's the shallow part of a water body, the maximal depth of which is defined by the depth that is reached by at least 1% of natural light, or where production processes outbalance decomposition processes, and it's often vegetated. Mountain lakes, especially those positioned above timberline, are usually oligotrophic. Consequently, they are low in nutrients, have high water transparency (usually across the whole lake bottom), and lack an anoxic layer of water at the bottom. The littoral zone in alpine and sub-alpine lakes in the Tatra Mts is thus limited by productivity rather than light. Also, there is typically no macrovegetation and the littoral zone is usually delineated by adequate surfaces such as rocks vs. soft mud in the centre of lakes. The microcrustacean community is accordingly differentiated between the pelagic and littoral, with littoral species living near shore, close to or on sediments. Although water chemistry is probably mostly uniform for most of the vegetation season, the littoral zone may acquire different characteristics for shorter periods of time (episodic acidifications, summer temperature stratification etc.). The near-shore community, however, is affected by environmental factors (such as changes derived from acidification) as much as the pelagic one. The aim of our study is therefore to compile findings of past and present research and discuss the response of littoral Cladocera to their changing environment, including a major acidification event.
Material and methods

Study sites
In this study we examined members of the littoral Cladocera in 41 lakes located in the High Tatra Mts and five lakes located in the West Tatra Mts. The bedrock of West Tatra Mts lakes consists of granite, gneiss, mica schist, and limestone, while the bedrock of High Tatra lakes is predominantly granitic (KOPÁČEK et al., 2000; GREGOR & PACL, 2005) . All included lakes are of glacial origin and are situated above local timberline (1395 to 2145 m a.s.l.). Eight of these lakes have alpine meadows and clusters of dwarf pine (Pinus mugo) in their catchments (sub-alpine lakes); 38 lakes are surrounded by a gradient of dry alpine meadows, rocks, and broken rocks (alpine lakes). The lakes were chosen to represent each of the three categories after KOPÁČEK et al. (2004) . Lake categories were established at peak acidification in the 1980s based on pH and acid neutralizing capacity (ANC) values, and reflect sensitivity of lakes to acidification. The following lakes were included in our study: 5 extremely sensitive (ES) lakes (1980: pH < 5, ANC < 0 µeq L −1 ), 11 acid sensitive (AS) lakes (1980: 5 < pH < 6, ANC 0-25 µeq L −1 ), and 30 non-sensitive (NS) lakes (1980: pH > 6, ANC > 25 µeq L −1 ). ES lakes: Vyšné Satanie pliesko, Wyżni Mnichowy Stawek IX, Vyšné Terianske pleso, Slavkovské pleso, and Starolesnianske pleso; AS lakes: Batizovské pleso, Vyšné Wahlenbergovo pleso, Zmarzly Staw Gasienicowy, D lugi Staw Gasienicowy, Dwoisty Staw Wschodni, Veľké spišské pleso, Prostredné spišské pleso, Okrúhle pleso, Capie pleso, Zadni Staw Polski, and Prostredné sivé pleso; NS lakes: Vyšné Žabie bielovodské pleso, Litvorové pleso, Veľké Bystré pleso, Vyšné Furkotské pleso, Czarny Staw Gasienicowy, Zadni Staw Gasienicovy, Zielony Staw Gasienicowy, Žabie javorové pleso, Malé Žabie javorové pleso, Zelené javorové pleso, Nižné Jamnícke pleso, Veľké Hincovo pleso, Malé Hincovo pleso, Czarny Staw pod Rysami, Morskie Oko, Nižné Terianske pleso, Czarny Staw Polski, Wielki Staw Polski, Wyżni Siwy Stawek, Vyšné Račkove pleso, Štvrté Roháčske pleso, Vyšné Temnosmrečinské pleso, Zelené krivánske pleso, Pusté pleso, Ľadové pleso, Vyšné zbojnícke pleso, Prostredné zbojnícke pleso, Veľké Žabie pleso, Čierne pleso kežmarské, and Dračie pleso. The lake categories correspond to those of FOTT et al. (1994) : strongly acidified lakes (ES lakes), acidified lakes (AS lakes), and non-acidified lakes (NS lakes) (Fig. 1) .
Lakes in each category share certain characteristics, summarized in Table 1 . Lakes for this study were chosen to meet two criteria: size of 0.3 ha or more and position at or above timberline. Three lakes were smaller than the given criterion: Wyżni Siwy Stawek (NS), Slavkovské pleso (ES), and Wyżni Mnichowy Stawek IX (ES), they were included for close similarity in character with larger lakes Long-term change of littoral Cladocera through an acidification event S111 (KOPÁČEK et al., 2000) . AS and NS lakes have similar median values of size (1.82 ha and 1.69 ha, respectively). The NS lakes tend to be deeper than AS lakes (median values of 15.1 m and 10.2 m, respectively, see Tab. 1), although the range of values is much wider in NS lakes due to the higher number of lakes included. AS lakes are typically located at higher altitude (1657 to 2145 m a.s.l., median: 2011 m a.s.l.) than NS lakes (1395 to 2057 m a.s.l., median: 1770 m a.s.l.) and have a higher portion of rock and broken rock in their catchments (71.5% in AS lakes, 63% in NS lakes). Littoral cover is very similar in AS and NS lakes, but is composed of a higher portion of sand and organic material in ES lakes (see Tab. 1). Chemistry of studied lakes and changes during the recovery from acidification (1980s till present) are summarized by .
Data set
In this study, several datasets were included to represent different periods of human impact on lakes located in the High Tatra Mts and West Tatra Mts. Each data set has its own code as described below.
'PI' and 'R' data sets This data on cladoceran species composition comes from a paleolimnological study. Sediment cores from 37 lakes, sampled in September and October of 2000, were divided into layers, two of which were processed in this study (also see KRŠKOVÁ, 2004) : the top layer of sediment (0-0.5 cm) and a deeper layer of sediment (15-17 cm). The top layer represents the recent community, but it is likely to represent the last few decades depending on sedimentation rate in a particular lake, which was shown to vary greatly among lakes (BATTERBEE et al., 2002) . We therefore assigned the top layer of sediment 'R' as 'recent' without more precise identification. The lower layer represents a pre-industrial period. Based on sedimentation rates calculated from dated cores from Zielony Staw Gasienicowy, D lugi Staw Gasienicowy, Starolesnianske pleso, Ľadové pleso, Vyšné Wahlenbergovo pleso, Zmarzly Staw Gasienicowy, Vyšné Temnosmrečin-ské pleso, Veľké Hincovo pleso, and Nižné Terianske pleso (Tab. 9, in APPLEBY & PILIPOSIAN, 2006), we estimated the age of sediment in the depth of 15 cm to 56 to 375 years (median 273 yrs), the age of the 17 cm layer to 63 to 425 years (median 309 yrs), and thus the layer 15-17 cm encompasses approximately 7 to 50 years (median 36 yrs). Accordingly, sediment in the depth of 15 cm represents years 1944 to 1625 (median 1727) and 17 cm layer represents years 1937 to 1575 (median 1691).
Isolation of Cladocera remnants from the sediment followed protocols of FREY (1958) and . Samples of sediment were first dried by lyophylisation. An appropriate portion of sample was then transferred to a beaker and 50 ml of 10% KOH solution was added. The mixture was heated to the boiling point, then the heating unit was turned off and the sample was allowed to cool. Through this whole procedure it was constantly mixed with a magnetic stirrer (approximately 30 min). This removed all organic particles except for more durable objects such as chitinous structures and pollen. The sample was then transferred to a phosphorus-bronze sieve (mesh-size 40 µm), carefully washed with water, transferred into a mixture of glycerin and 70% ethanol, and stained with chlorazol black. Cladocera remnants were identified microscopically. Only two cladoceran families were detected in Tatra lake sediments: Chydoridae and Daphniidae. Of the littoral members of family Daphniidae, only Ceriodaphnia quadrangula was found.
'1917' data set This data set was put together from findings of MINKIEWICZ (1917). We were able to include 30 lakes from the area of the High Tatra Mts from his study. Unfortunately, in his work he did not include lakes in West Tatra Mts. Details on the sampling method are not available. '1980', '1992', '2000', and '2004 ' data sets Occurrence of species in these data sets was determined from littoral samples. All samples were taken from the shore using plankton net with mesh-size of 40 µm. The net was towed a few times through the water column in the littoral zone and then a few times slowly dragged over the soft and hard bottom, so that the top layer of sediment was gently stirred or rock surfaces were scraped to collect organisms living and/or feeding on them.
The '1980' dataset combines samples from the years 1978 (October), 1981 (October), and 1982 (August). During this four-year period, a total of 94 lakes in the Slovak part of the High Tatra Mts were extensively studied, out of which S112 V. Sacherová et al. Table 2 . Occurrence of 10 littoral cladoceran species in each lake included in this study. 
Long-term change of littoral Cladocera through an acidification event S113 
TE-1 Vyšné Temnosmrečinské pleso NS
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
VA-1 Zelené krivánske pleso NS
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
VS-2 Pusté pleso NS
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
VS-4 Ľadové pleso NS
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
VS-5 Vyšné zbojnícke pleso NS
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •
VS-6 Prostredné zbojnícke pleso
Explanations: For lake categories see Table 1 . Full circles represent presence of a species, empty circles represent absence of a species, missing symbols represent unavailable data.
Occurence of each species was studied in seven periods represented by a year code. NoS -number of species, DP -presence of dwarf pine in lake catchment (0 -absent, 1 -present).
Symbol in brackets represents findings in 1995 and 1996.
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records from 29 lakes could be included in our data set. Data from these three years were pooled into a single dataset so that more lakes could be included. The '1992' dataset combines samples from 1992 and 1994 (September -October), when 99 and 94 lakes were sampled, respectively. Each species was included as present if it occurred in either of these years. The only additional findings included were occurrence of Alonella excisa in Slavkovské pleso in 1995 and 1996 (in brackets in Tab. 2), and Alonella nana in Morskie Oko and Malé Hincovo pleso in 1996 and 1995, respectively (not included in Tab. 2).
The '2000' dataset presents data from sampling in September and October of 2000 when 50 lakes were sampled, 46 of which are included in our study; four forest lakes were excluded.
The '2004' dataset presents data from sampling in September of 2004 when 90 lakes were sampled, out of which we included 45 lakes. Tatra Table 2 except for Alonella nana which was only found in Morskie Oko and Malé Hincovo pleso in 1996 and 1995, respectively. For each species in Table 2 , its occurrence is listed for the 7 periods described in the Methods section: PI, 1917 PI, , R, 1980 PI, , 1992 PI, , 2000 PI, , 2004 Although the R period represents 'recent', processed samples often included species not found in littoral samples from 1980 to 2004. It can thus be assumed that the R samples encompass more than the last 20 years, and therefore these data were placed between 1917 and 1980 data in Table 2 . For the same reason, the R dataset was excluded from figures.
Results
The littoral Cladocerans in
The most numerous species found in studied lakes were Alona affinis, Acroperus harpae, and Chydorus sphaericus, followed by Alona quadrangularis (Tab. 2, Fig. 2 ). The occurrence of species differed in each lake category. Generally, the AS lakes are known to have the lowest productivity of Tatra lakes (Fott et al., , 1999 , followed by ES lakes and NS lakes. The AS lakes were indeed more poorly inhabited (Tab. 2, Fig. 2 ). For example, although Alona affinis was one of the most common species in alpine lakes, in AS lakes it was only found in sediment cores and by Minkiewicz (1917) in D lugi Staw Gasienicowy, Dwoisty Staw Wschodni, and Zadni Staw Polski. Alona quadrangularis was detected in only one AS lake (Prostredné sivé pleso), and only in 1917. In ES and NS lakes, this species was most frequently found in both sediment core samples. Alona quadrangularis was the only species that showed discrepancy between sediment record and littoral samples. While its record was found in sediments of 16 lakes, it was only found in 5 lakes in the 1917 and 1980-2004 periods. Its relative abundance in sediment was low and changed very little, the median value being 1.9% in the PI period and 2.1% in the R period (Kršková, 2004) . The only exception was Starolesnianske pleso where the relative abundance between the PI and R periods dropped from 48% to 0.2% (Kršková, 2004; Stuchlík et al., 2002) . Alona rectangula is a quite rare species in Tatra alpine and sub-alpine lakes; it was consistently found in Vyšné Furkotské pleso (NS) only. Alona guttata occurred in three lakes only: Slavkovské pleso (ES), Zielony Staw Gasienicowy (NS), and Morskie Oko (NS). Acroperus harpae and Chydorus sphaericus were found in lakes quite consistently and disappeared only at the peak of acidification in the 1980s. However, while in 1980 A. harpae persisted in one lake only (Malé Hincovo pleso, NS), C. sphaericus was found in 75% of ES, 86% of AS, and 50% of NS lakes. Alonella excisa was detected in two ES lakes (Slavkovské pleso and Starolesnianske pleso) and three NS lakes (Wielki Staw Polski, Zelené krivánske pleso, and Čierne pleso kežmarské), although it presently inhabits Slavkovské pleso and Čierne pleso kežmarské only. This species was not found in any AS lake. Eurycercus lamellatus is known to prefer lakes on the north side of the Tatra range (Lityński, 1917) was mostly found by Minkiewicz (1917) Figure 2 shows the portion of lakes in each category in which the four most numerous species (Alona affinis, Alona quadrangularis, Acroperus harpae, Chydorus sphaericus) occurred. The results in 1917 and 1980 are slightly biased due to the lower number of sampled lakes (see Tab. 1). This is especially true for ES lakes in 1917 when only two lakes out of five were sampled: Vyšné Terianske pleso and Starolesnianske pleso. The drop in occurrence of Alona affinis and Acroperus harpae in 1917 in ES lakes is thus caused by the absence of data rather than absence of species. The portion of AS lakes where a particular species was present is in many instances lower than in both ES and NS lakes (Fig. 2) . For example, Alona affinis was found in three AS lakes in PI, 1917 and R samples, but failed to reappear in those lakes after pH increase during the past two decades. Alona quadrangularis did not ever inhabit AS lakes. Chydorus sphaericus returned to all lakes where it was present before acidification and Acroperus harpae reappeared in most of them.
Discussion
Detection of species
The detection of littoral cladoceran species in Tatra lakes was undoubtedly influenced by two major factors: sampling method and time of year in which samples were taken. Despite the careful sampling technique, it is possible that especially rare species that live in or on the top layer of sediment were not sampled well enough and their absence in littoral samples is not necessarily indicative of their absence in the lake. Also, zooplankton taxa tend to feed near the bottom in oligotrophic lakes. Indeed, based on personal observation (VS), even planktonic taxa such as daphnia are more frequently sampled near shore by benthos sampling techniques when the top layer of sediment is stirred and sifted. These techniques are not typically used for littoral cladocerans due to the larger mesh-size of benthic nets, which wouldn't capture small-sized taxa, but should probably be used as a complementary method.
Samples from the sediment cores seem to better represent species composition. It has been shown that in sediment cores taken along a lake transect, only the ratio of littoral to pelagic species changes, while the relative composition of littoral species remains stable (Müller, 1964; Frey, 1986) . A single core taken outside the littoral zone, usually in the central part of a lake, thus well represents the incidence of littoral species in the lake and moreover it is independent of season. The major factor determining occurrence of a species in a sediment core is the character of its remnants. Chitinous carapaces and head shields of the family Chydoridae are somewhat thicker than those of planktonic taxa and generally preserve rather well (Frey, 1960) . And indeed, taxa included in our study were generally most frequently found in 'PI' and 'R' samples. In contrast, Polyphemus pediculus was found mostly in samples of Minkiewicz (1917); we only found this species in 1994 S116 V. Sacherová et al. in Morskie Oko and never in a sediment sample. In taxa such as Polyphemus sp. that are predatory with a reduced and thinner carapace, only the caudal appendages preserve in the palaeolimnological record and so can easily be missed. Also, these caudal appendages are very small and could have been lost when sediment samples were washed on the 40 µm sieve.
The majority of samples in our study were taken in the fall, usually at the end of September and beginning of October. Populations of Chydoridae, which dominate the littoral cladoceran community, are known to have second abundance peak in late summer and fall (Whiteside, 1974) . By comparison of species records in littoral samples and core samples we found that six out of eleven species in our study appeared in both the palaeolimnological record and littoral samples: Alona affinis, Acroperus harpae, Chydorus sphaericus, Alonella excisa, Eurycercus lamellatus, and Ceriodaphnia quadrangula. The three other species occurred rather sporadically (Alona rectangula, Alona guttata, and Alonella nana) and could have been missed in the palaeolimnological record, and the case of Polyphemus sp. is mentioned above. The only species that was more frequent in the sediment record than in littoral samples is Alona quadrangularis. Lityński (1917) describes Alona quadrangularis as a widespread species in Tatra lakes that can be found throughout fall and winter as well. Alona affinis, a closely related species, was more frequent in the sediment as well, median values being 27.4% and 25.7% in the PI and R periods, respectively (Kršková, 2004) , although Lityński (1917) considers both of them very common and similar in abundance. Its low relative abundance in sediment samples and the fact that it was frequently missed in littoral samples suggests that A. quadrangularis is at present not a very abundant species. Some studies have shown that when co-existing with A. affinis, A. quadrangularis tends to inhabit a different niche and lives more closely related to the sediment while A. affinis remains in the water column (Whiteside et al., 1978; Whiteside & Swindoll, 1988; Flössner, 2000) . In lakes in this study, A. quadrangularis co-existed with A. affinis in 14 lakes (out of 19 it inhabited), and so the reason that we did not detect it in most lakes might have been both its low abundance and unsuitable sampling technique (niche shift) rather than its complete absence. Also, misidentification by Lityński cannot be ruled out and it's possible that A. quadrangularis was never frequent in Tatra lakes.
Another important factor for detection of a particular species is the size of a lake. The largest lakes in our study were Morskie Oko and Wielki Staw Polski lakes with sizes of approximately 35 ha. In such large lakes, the littoral is typically very diverse, distances between different types may be large, and some of them may be unreachable due to obstructions in the terrain. Also, in large lakes wind may play an important role in the distribution of individuals and during a once-a-year sampling, certain species might not be encountered. As can be seen in Table 2 , some populations were in certain lakes recorded only by Minkiewicz (1917) . In his study, he also recorded two additional benthic cladocerans from the family Macrothricidae: Ilyocryptus sordidus and Macrothrix hirsuticornis groenlandica. In our study, we did not focus on sampling of these taxa and we did not find them either in sediment or in littoral samples.
Occurrence of species
The occurrence of species undoubtedly reflected environmental characteristics such as lake and shoreline morphology, character of vegetation cover in the catchment, altitude, exposition of a lake (Kopáček et al., 2000) . Among the lakes under the study, lakes at lower altitudes are larger and deeper, tend to have catchments with higher vegetation and soil cover, and consequently have higher total phosphorus and chlorophyll-a content (Kopáček et al., 2000) . Soils are also a very important source of substrate for bacteria in lakes (Kopáček et al., 2000) , and bacteria together with epilithic diatoms are an important food source for littoral taxa. Another key factor, pH, was lowest in lakes with small areas and small catchments. Species inhabiting mountain lakes are typically adapted to low pH values and as shown for pelagic communities, tend to respond to nutrient content, rather than changing pH (Stuchlík et al., 1985; Fott et al., 1994; Hořická et al., 2006) . In studied lakes, the least productive are acid sensitive (AS) lakes. This roughly corresponds to the presence of dwarf pine in their catchments: only 36% of AS lakes have dwarf pine in their catchments, while 60% of ES and NS lakes have dwarf pine. The detected number of species was indeed highest in lakes with a high percentage of vegetation and soil cover (Tab. 2) and was not correlated with pH of lake water.
The eleven cladoceran species constituting the littoral assemblage in alpine and sub-alpine Tatra lakes are species commonly found in lowland ponds as well as mountain lakes; no specialist or endemic species were found to be typical for alpine and sub-alpine lakes only (also see Hrbáček et al., 1974) . Species belonged to three families: Chydoridae, Daphniidae, Polyphemidae. The members of the family Chydoridae dominated the littoral community. Since they originated as far back as 500 millions years ago (Sacherová & Hebert, 2003) , they have had a very long evolutionary history and seem to be best adapted to a very wide range of environmental parameters (Fryer, 1968) . Members of the family Daphniidae are undoubtedly very old too, but their members prefer the pelagic zone, and members of family Polyphemidae represent a younger lineage of predatory cladocerans (Cristescu & Hebert, 2002) .
There are clearly three taxa that are best adapted for mountain lake conditions: Alona affinis, Acroperus harpae, and Chydorus sphaericus, which live in 41%, 48%, and 100% of lakes, respectively. The most comLong-term change of littoral Cladocera through an acidification event S117 mon C. sphaericus inhabits both the pelagic and littoral zones and is known to inhabit waters whose pH ranges from 3.4 to 9.2 (Lowndes, 1952) . C. sphaericus not only lives in the littoral zone of Tatras lakes, in most lakes it is relatively abundant in open water (Stuchlík et al., 1985) . There are several hypotheses why C. sphaericus inhabits the pelagic zone. For example, it is believed that its occurrence in the pelagic zone coincides with the occurrence of filaments such as algae or cyanobacteria (e.g., Fryer, 1968) . Lake acidification by precipitation may increase blooms of unattached filamentous green algae (Hann & Turner, 1999) , and indeed, sediment overgrown by filamentous alga (e.g., Mougeotia sp.) was a typical feature of the most acid period in Starolesnianske pleso and many other ES shallow lakes. It was also observed that wind can create water currents that mix water and can either transport littoral taxa into pelagic zone (Threlkeld, 1981) or create optical conditions in the pelagic zone (i.e. high turbidity) typical for the littoral zone that more easily allows invasion by littoral taxa (Hutchinson, 1967) . Filamentous alga and wind currents could explain why C. sphaericus colonizes the pelagic zone, especially in poor food conditions of AS lakes. Also, its wide niche allows C. sphaericus to persist in the pelagic zone; while it can easily be washed out of high flushing rate lakes, it can re-colonize the pelagic zone from the littoral where it can withstand even stronger currents (Hrbáček et al., 1974) .
The second most common species, A. affinis, was frequently found in our samples. Although it is known to prefer life on or among sediments (Fryer, 1968) , it was observed that it occasionally enters the pelagic zone (Alonso, 1996) . In fact, during studies on zooplankton of the West Tatras (Kubíček & Vlčková, 1954) it was found throughout the whole water column together with C. sphaericus. A. affinis is also well adapted for acidified lakes by its high tolerance to low pH; it was recorded in waters whose pH ranged from 4.0 to 9.3 (Flössner, 2000) . Acroperus harpae, which has a similar abundance to A. affinis, is also known to have high tolerance to pH (see Fryer, 1993) and prefers to live in macrophyte growth, to which it's adapted by the lateral compression of its body. In Tatra alpine and subalpine lakes, however, vegetation in littoral is scarce and freshwater plants are mostly represented by Carex rostrata (which has an upper limit of occurrence at 1600 m a.s.l., Lityński, 1917) , Sparganium angustifolium, or water moss only. A. harpae occurs in Tatra lakes regardless of the presence of vegetation and persists even in the open water of high flushing rate lakes. A. affinis and A. harpae inhabited 27 and 24 lakes, respectively, during the studied period. They co-existed, however, in only 70% of lakes they inhabited, suggesting that they have different habitat preferences. Further study will be needed to specify and quantify these preferences.
Some species are further known to occur on either the northern or southern side of the main ridge of the Tatra Mts (Lityński, 1917) . For example, Eurycercus lamellatus occurs primarily on the northern side (Lityński, 1917) . In fact, four out of five lakes it inhabited in our study are in the same valley (Dolina Gasienicowa valley). These four lakes (Czarny Staw Gasienicowy, Zielony Staw Gasienicowy, D lugi Staw Gasienicowy, Dwoisty Staw Wschodni) were also inhabited by low numbers of the other less frequent taxa: Polyphemus pediculus, Alona guttata, A. rectangula, A. quadrangularis. All these lakes are on the lower end of the altitude range (1620 to 1784 m a.s.l.) for Tatra lakes above timberline, and all have dwarf pine in their catchment.
Response of littoral Cladocera to acidification event Most of the species disappeared from all the lakes at the peak of acidification in the 1980s. This is in contrast to the pelagic community in non-sensitive lakes, where taxa decreased their numbers but remained present (Hořická et al., 2006) . A possible explanation lies in the character of the habitat of those two communities. The pelagic zone has a larger volume and individuals have higher chance of "hiding" in a particular layer of water (Havas & Rosseland, 1995) when conditions are unfavorable (such as decrease of pH, productivity, oxygen etc.). Such a "hiding" strategy was indeed observed in other freshwater groups in Tatra lakes, for example chironomids (Tátosová & Stuchlík, 2006) or zooplankton taxa (ES, personal observation). Also, it was observed in streams that episodic acidifications during spring snowmelt can lower pH by 1 whole unit within days (Nodvin et al., 1995; Havas & Rosseland, 1995) . This effect is much stronger in seepage lakes that receive a majority of water from precipitation (Stuchlík et al., 1985) , and could have a stronger effect in the littoral zone.
The only species to persist during the peak of acidification in all lake categories was Chydorus sphaericus. In addition to its high tolerance to low pH and low temperatures known from Tatra lakes (Kneslová et al., 1997) it was probably also permitted by its wide niche (both littoral and pelagic zones) that made it possible for this taxon to "hide" in water layers with more favorable conditions. When in danger of being washed out by current and outflow in drainage lakes, it could move to the relatively calmer littoral zone and later re-colonized the pelagic zone from there (Hrbáček et al., 1974) .
Generally, species that tend to be very numerous in lakes (such as Alona affinis, Acroperus harpae, and Chydorus sphaericus) were found during most periods, usually decreasing at peak acidification in the 1980s. Interestingly, the reappearance in lakes differed among species. Although biological recovery is generally delayed due to hysteresis in chemical recovery , most littoral species returned to particular lakes within ten years (Tab. 2). While Chydorus sphaericus and Acroperus harpae appeared again immediately after pH increase, Alona affinis reappeared S118 V. Sacherová et al. in ES and NS lakes only, but failed to return to AS lakes.
